The percentage of patients with renal impairment is increasing with the aging of the population. It is estimated that today 10% of the population has some kind of renal impairment.\[[@ref1][@ref2]\] Since a significant number of drugs are eliminated through the kidneys, it is often necessary to adjust their dose according to renal function. Even though dosage of some drugs in renal impairment is necessary, numerous studies have shown a large number of inadequate drug doses in patients with renal impairment.\[[@ref3][@ref4][@ref5][@ref6]\]

The risks of toxicity of medicines are higher in patients with chronic kidney disease. particularly in elder patients. Furthermore, risk of developing advanced disease and related adverse events caused by age-related in renal function and use of multiple medications to treat co-morbidities made them more vulnerable population.\[[@ref7]\] The proper dosing of medications for patients with renal impairment can maximize the therapeutic efficacy, minimize toxicity, and cost.\[[@ref8][@ref9][@ref10][@ref11]\]

Dosages of drugs cleared renally are based on renal function calculated as Glomerular Filtration Rate (GFR) or Creatinine Clearance (CrCl). Dosing recommendations for individual drugs can be found in Drug Prescribing in Renal Failure: Dosing Guidelines for Adults\[[@ref12]\] and various other literatures. The guidelines are divided into three GFR categories (less than 10 mL/min/1.73 m^2^, 10 to 50 mL/min/1.73 m^2^, and more than 50 mL/min/1.73 m^2^), encompassing an up to 10-fold range in renal function.\[[@ref7]\] Examples of drugs requiring dose adjustment in patients with renal impairment mostly include antibiotics, digoxin, H2-receptor antagonists, and ACE-I.\[[@ref13]\]

The aim of this study was to assess the appropriateness of the drug dose adjustment in hospitalized patients with kidney dysfunction.

Materials and Methods {#sec1-1}
=====================

Study design {#sec2-1}
------------

This was a retrospective observational study conducted at Shree Krishna Hospital, which is a 550 bedded multi speciality and tertiary care teaching rural hospital. From July 2009 to November 2009, all hospitalized patients were screened from the System department of our hospital based on the Serum creatinine (SCr) level and age of the patient. Then record files of those screened patients were analyzed from the Medical Record Section of the hospital. Patients having SCr level more than 1.4 mg/dl and age more than 18 years irrespective of gender were included in the study. Only systemic drug therapy was included. Exclusion criteria were patients under hemodialysis or continuous ambulatory peritoneal dialysis (CAPD), patients with dehydration and patients with muscular diseases (muscular dystrophy, polymyositis, rhabdomyolysis). The following parameters were collected for all the patients with renal dysfunction: Age, gender, weight, date of admission and discharge, department, diagnosis, and prescription order and filled up in case record form. Patients' whose SCr level substantially fluctuating, (increase or decrease of more than 1 mg/dl) could be recorded several times. Prescription orders were recorded 24 h after the laboratory reports were available.

Drugs for which the dose was adjusted according to the clinical response to therapy, not according to SCr level (i.e., ACE-I, diuretics, β blockers, anti-diabetics, etc.) were not taken into consideration.\[[@ref14]\]

Ethics {#sec2-2}
------

Study protocol was reviewed by Human Research Ethics Committee of the Institute, and permission was taken.

Patients included in the analysis were those who belonged to stages 3, 4, and 5 according to the guidelines of the National Kidney Foundation\[[@ref7]\] as patients in stage 1 or 2 usually having adequate kidney function were not included. CrCl was calculated for all the patients and those with CrCl \< 60 ml/min were included in the analysis. CrCl was calculated using the Cockroft Gault equation.\[[@ref15]\] CrCl 60 ml/min was considered the threshold for renal impairment. Patients included in the analysis belonged to the following stages of renal impairment: Stage 3 (CrCl 30-60 ml/min), stage 4 (CrCl 15-29 ml/min), and stage 5 (CrCl \< 15 ml/min).\[[@ref7]\] The regimen for any drug was rated "appropriate" when the dose was suitable based on the patient\'s CrCl. Prescription of any drug was rated "inappropriate" when the dosage prescribed was not in conformity with the adjustment required with regard to the patient\'s CrCl. The reference used to check for the appropriateness on the dose was "Drug prescribing in renal failure -- dosing guidelines for adults, 4^th^ edition"\[[@ref12]\] and by another literature. Administered doses of each studied drug were compared with the recommended doses.

Statistical analysis {#sec2-3}
--------------------

Data was systematized and analyzed using SPSS version 17.0 software. Parameters of the patients were expressed as frequency and percentage of inadequate and adequate drug dose adjustment. The statistical significance of the differences between groups was compared by Pearson Chi-square test. A *P* \< 0.05 was considered significant.

Results {#sec1-2}
=======

From July 2009 to November 2009, total 278 Indoor patients were screened. And from that 205 patients were included according to inclusion criteria and rest 73 patients were excluded (45 -- either on hemodialysis or on CAPD, 28 -- dehydration). Study profile is given in [Figure 1](#F1){ref-type="fig"}. Mean age of the study sample was found to be 58.97 years and mean serum CrCl was found to be 2.60. Demographic data of the included patients is shown in [Table 1](#T1){ref-type="table"}.
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###### 

Characteristics of included patients

![](JPBS-5-136-g002)

Among the total included patients, maximum patients were from General Medicine Department (60.5%), followed by General Surgery Department (20.5%). Detail is given in [Table 2](#T2){ref-type="table"}. As per staging of chronic kidney diseases (CKD), 113 (55.1%) of patients were belonged to stage 3, 65 (31.7%) of patients were belonged to stage 4 and 27 (13.2%) to stage 5.

###### 

List of patients according to department
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Total drugs prescribed to the patients were 1338 with the average of 6.53 drugs per patient. Out of these 180 (13.45%) drugs needed dose adjustment according to respective CrCl. From 180 drugs only 34 (18.89%) drugs were adjusted according to CrCl and rated as "appropriate", and rest 146 (81.11%) drugs were not adjusted and rated as "inappropriate".

Appropriateness of the group of drugs and individual drugs are given in Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}. The most common group found to be prescribed inappropriately was anti-microbials, which was 115 times prescribed inappropriately (dose/frequency/both were not adjusted according to CrCl). This was followed by analgesic group of drugs and drugs from the gastro-intestinal group.

![Appropriateness of group of drugs prescribed to study sample](JPBS-5-136-g004){#F2}

![Appropriateness of individual drug prescribed to study sample](JPBS-5-136-g005){#F3}

In case of individual drugs, levofloxacin was found to be prescribed maximally inappropriately (26 times) followed by ciprofloxacin and amoxycillin. Apart from anti-microbials, dose of digoxin was not adjusted appropriately (9 times) which was followed by famotidine and paracetamol.

The frequency of appropriate and inappropriate drugs in different stage of the CKD is listed in [Table 3](#T3){ref-type="table"}. In CKD stage 3, 4, and 5 number of drugs prescribed inappropriately were 86, 49, and 11 respectively, while frequencies of appropriateness were 7, 12, and 15. *P* value according to Chi-square test is found to be 0.0001, which is significant.

###### 

Frequency of appropriate and inappropriate drugs in different stages of CKD
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Discussion {#sec1-3}
==========

The pharmacokinetic parameters such as drug bioavailability, protein binding, biotransformation, volume of distribution, and renal excretion are altered in patients with renal impairment. This is mostly important for drugs for which the fraction excreted unchanged is high. To avoid the risk of drug toxicity among patients with reduced renal function, medication doses should be adjusted based on the estimated CrCl, co-morbid disease, and co-prescribed medications.\[[@ref16]\] Several recent studies have indicated that dosing errors and the risk of toxicity are common among patients with renal impairment. In agreement with other studies, our results showed widespread dosing errors among patients with renal impairment.\[[@ref3][@ref17]\]

In our study, most common groups of drugs that required dose adjustment is anti-microbials (*n* = 144, 80%) followed by analgesics (*n* = 14, 7.78%), cardio-vascular drugs (*n* = 9, 5%), gastro-intenstinal drugs (*n* = 9, 5%) and anti-allergic drugs (*n* = 4, 2.22%). Same result is seen in Soetikno, *et al*.\[[@ref18]\] done in Indonesia and Sweileh, *et al*.\[[@ref16]\] done in Palestine. Authors are not able to found similar study done in India. Same order of inappropriateness is seen among different groups of drugs. Individual drug wise most common drug that required dose adjustment is levofloxacin (*n* = 39, 21.66%), followed by piperacillin (*n* = 22, 12.22%), amoxicillin (*n* = 19, 10.56%), and ciprofloxacin (*n* = 18, 10%). Soetikno *et al*.\[[@ref18]\] also supports our result.

Several reasons could be cited for this inappropriate dosing. The large number and the continuously increasing list of drugs that required dose adjustment makes it difficult for medical staff to remain updated on dose adjustment issues. Furthermore, it seems that there is an underestimation or lack of knowledge of the importance regarding CrCl in determining the appropriate medication dose. Fluctuating renal function, rapid changing in SCr values might not permit appropriate estimation of renal function. In our study, CrCl and body weight needed to calculate, the CrCl were missing from most of the patients' medical files. It is important that CrCl be calculated and documented for all patients for dose calculation. Using SCr level as the only indicator of renal function is not accurate. In our study, approximately 10% of the patients with normal or borderline SCr, were having low CrCl suggesting that normal SCr does not exclude renal impairment. A third possible reason is the lack of continuing medical education that focuses on the importance of this issue. Charts for dose adjustments are needed and should be available for the prescriber. Better therapeutic monitoring is needed and could be achieved through clinical pharmacologist\'s participation. Another professional source for information regarding dose adjustment is the drug information center. SCr level is often inappropriate to assess actual renal function and leads to underestimation of renal impairment, particularly in the elderly. The assessment of CrCl requires a 24 h urine collection which is often difficult to perform, but its estimation with the Cockcroft Gault formula, taking into account patient\'s weight, age and SCr level, also provides an accurate assessment of renal function.\[[@ref19]\]

Possible reasons for the predominance of the anti-microbial are the most frequent and careless use of them, admissions in critical care unit, perioperative use of them in surgical wards. And last reason is we neglect most of the cardio-vascular drugs that require dose adjustment frequently after the anti-microbial group, because, most of the time they are adjusted according to the clinical response. Despite an explicit need for dose titration in patients with renal impairment, adjustment should not be made based on pharmacokinetic considerations only. For example, cardiovascular medications such as ACE-I (e.g., enalapril) or ί-blocking agents (e.g., atenolol), spironolactone diuretic should be prescribed according to clinical end points such as blood pressure or heart rate.

In this study, frequencies in appropriateness of drugs in different stages of CKD were calculated, and it was clearly found that dosing error was gradually decreased as staging of CKD was advancing e.g., with lesser CrCl. This finding suggests that physician become more alert at the time of worsening of the patients and tried to reduce the dose of drugs as per guidelines.

This study showed that dosing errors are common among hospitalized patients with impaired renal function. Most of these dosing errors were made during hospital stay, suggesting that better patient observation and dose calculation is needed. In conclusion, hospitalized patients are at risk for adverse outcomes due to prescribing errors related to inappropriate use of medication dose. This information should be considered in the development of strategies to prevent adverse patient outcomes resulting from such errors.

Strategies to adjust drug dosage in renal dysfunction may help to individualize drug therapy and, thus, contribute to drug safety. Principles to increase the safety of drug prescription in patients with renal dysfunction are to select the appropriate drugs in patients with renal dysfunction, e.g., by taking into consideration the possibility of drug interaction and doses.\[[@ref20][@ref21]\] A stepwise approach to assist physicians in prescribing drug therapy for patients with renal dysfunction is initial assessment, which includes a history and physical examination, calculates CrCl, chooses a loading dose and maintenance dose, and monitoring drug level principally drugs with narrow therapeutic margin.\[[@ref22][@ref23]\]

There are several limitations of our study like we took only one prescription out of the whole record file to check the drug appropriateness. Analysis in this study was done according to drug classification and not according to the individual patients. Then we have not checked that how much amount of dose is excessively given (quantitative difference).

As dosing guidelines, we used the recommendations from the Drug prescribing in renal failure -- dosing guidelines for adults, 4^th^ edition.\[[@ref12]\] When the recommendations were not available or clear enough, we used another available literature. We noticed significant differences in recommendations for dosages of the same drugs, which additionally complicates drug dosage in patients with renal impairment. It is clear that there is a need to have universal guidelines for drug dosage in patients with renal impairment.

In conclusion, this study emphasizes the importance of improving the identification of patients with renal dysfunction, estimating their CrCl, and implementing appropriate dose adjustments according to these estimates. This study also suggests other interventions, which could improve patient-specific outcomes such as on-line information to assist dose guidelines, access to individuals trained in pharmacokinetics, implementation of pharmacokinetic dose consultation services in departments of clinical pharmacology, and daily participation of clinical pharmacologist during doctor\'s ward visits.
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